Introduction
Metabolic syndrome (MetS) is cluster of conditions that raise the risk of suffering cardiovascular diseases among other health problems. Hypertension, one of the components of MetS, increases the risk of developing heart failure, atrial fibrillation (Angeli et al. 2014) , stroke, coronary artery disease (Shen et al. 2013) , and peripheral vascular 1 3 diseases. Hypertension is not only one of the components of MetS, but also is the component more prevalent (90%) in subjects with MetS in south Europe (Scuteri et al. 2015) . The remaining MetS components, increased waist circumference, dyslipidemia, and impaired fasting glucose also increase the risk of cardiovascular diseases. Some of these factors interact to raise the risk of suffering cardiovascular diseases. For instance, overweight and abdominal obesity raise the prevalence of hypertension (Stamler et al. 1978) and thus the risk of suffering cardiovascular diseases (DeVallance et al. 2015) . On the other hand, aerobic exercise training, a non-pharmacological intervention, reduces resting blood pressure (Seals and Hagberg 1984) even in people with resistant hypertension (Dimeo et al. 2012) .
Interval exercise involves repeated bouts of intense exercise interspersed by short periods of recovery. This exercise method can be divided into high-intensity interval training (HIIT; "near maximal efforts") and sprint interval training (SIT; "supramaximal efforts" below 1 min). Both forms of interval training induce the classic physiological adaptations characteristic of moderate-intensity continuous training (MICT). For instance, SIT increased mitochondria biogenesis and insulin sensitivity (MacInnis and Gibala 2016) . On the other hand, HIIT improves cardiorespiratory fitness (i.e., VO 2max ) more efficiently than when using MICT (Stensvold et al. 2010; Weston et al. 2014) in patients with cardiometabolic diseases. A recent meta-analysis sustains that HIIT is also superior at improving vascular function when compared to MICT, a finding probably linked to the larger improvement in VO 2max and other cardiovascular risk factors (Ramos et al. 2015) . Furthermore, the training studies using HIIT on hypertensive or MetS patients report a positive effect on reducing resting blood pressure (Molmen-Hansen et al. 2012; Mora-Rodriguez et al. 2014; Tjonna et al. 2008) apparently by increasing vessel vasodilation (Tjonna et al. 2008 ) and reducing arterial stiffness (Donley et al. 2014) . On the other hand, MICT has unique positive effects on increasing resting artery diameter not obtained by training using HIIT (Sawyer et al. 2016) .
The chronic effects of training on lowering blood pressure are likely due to the summation of the acute effect of each exercise bout in this physiological response. The acute effect of exercise on blood pressure is termed post-exercise hypotension (PEH) and has been the topic of numerous publications. The initial studies sustained that exercise intensity did not affect the magnitude or duration of PEH (MacDonald et al. 1999; Pescatello et al. 1991) . Most of these studies examined the effects of exercise at moderate intensities (i.e., below 80% of maximal heart rate; (Cornelissen et al. 2009; Pescatello et al. 2004a, b) . However, it is becoming evident that a bout of HIIT is more effective at lowering blood pressure, at least in hypertensive MetS patients, than an isocaloric bout of MICT when blood pressure effects are monitored immediately (Tjonna et al. 2011) or during the 60 min that followed the exercise bout (Morales-Palomo et al. 2017 ). However, we have not determined if this superior blood pressure lowering effects of HIIT last during the hours of habitual daily activity that follow exercise. This is important to be determined, since a reduction in hypertensive peaks during the day would have a direct clinical application. There are several studies that have attempted to examine the longer time course of PEH using ambulatory blood pressure monitoring (ABM).
These studies are particular interesting, because ABM does not restrict subjects from their routine daily activities. Thus, the effects of exercise or training can be studied during the out-of-the laboratory real-life situation. The purpose of this study was to determine if a single bout of HIIT has a longer lasting effect on lowering blood pressure than an isocaloric bout of MICT using ABM to follow the BP response during 14 h after exercise. One study has already addressed the magnitude of PEH immediately after HIIT and MICT in a lab setting (office pressure) in MetS not hypertensive subjects (Tjonna et al. 2011) . However, the risk of hypertensive cardiovascular complications correlates more closely with ABP than with office pressure (Clement et al. 2003) . The rationale of this study is to assess using ABP if HIIT will result in larger reductions in blood pressure than MICT not only immediately after exercise but also during the daily activities that follow morning exercise. This would reduce cardiovascular risk in hypertensive MetS patients.
Methods

Participants
Nineteen subjects (55.2 ± 7.3 years) with a BMI of 30 ± 4 kg m −2 (Table 1) and diagnosed with MetS (Alberti et al. 2009 ) were recruited for this study. All subjects provided written, witnessed, informed consent of the protocol approved by the local Hospital's Ethics Committee in accordance with the world medical association Declaration of Helsinki.
Preliminary testing
Peak aerobic capacity (VO 2peak ) was assessed on an electronically braked cycle ergometer (Ergoselect 200, Ergoline, Germany) during graded exercise testing (GXT) using indirect calorimetry (Quark b 2 , Cosmed, Italy) with 12-lead ECG monitoring (Quark T12, Cosmed, Italy). The highest heart rate value obtained during the test was considered HR PEAK .
Blood pressure screening
On preliminary testing day, three consecutive blood pressure measurements were taken every 5 min after 15 min in supine resting. Measures were taken in the non-dominant arm, since that arm was also used for ambulatory blood pressure monitoring. The mean of these three measurements determined which subjects had hypertension according to the MetS criteria (systolic blood pressure ≥130 and/ or diastolic blood pressure ≥85 mmHg; Alberti et al. 2009 ). Based on this preliminary test, two groups were established, a normotensive group (n = 8) with average SBP/ DBP of 116/65 mmHg and a hypertensive group (n = 11) with an average SBP/DBP of 135/86 mmHg.
Experimental design
Using a repeated-measures crossover, randomized design subjects completed three trials, separated by at least 3 days in a randomized order. In one occasion, subjects completed a bout of high-intensity interval training (HIIT) consisting on 10-min warm-up followed by 4-× 4-min intervals at 90% of HR PEAK interspersed with 3-min active recovery at 70% HR PEAK and a 5-min warm down at 50% of HR PEAK for a total of 43 min of exercise. In another occasion, they underwent a bout of moderately intense continuous exercise training (MICT) with duration of 53 ± 5 min at 60% of HR PEAK . In a third trial, subjects arrived to the laboratory at the same time of day than in the other two trials and they remained seated during 50 min (REST). Exercise duration for MICT was calculated to match HIIT trial for energy expenditure using the HR-VO 2 linear relation individually calculated from preliminary GXT data. Subjects maintained a similar pedaling cadence in both exercise trials (70-80 rpm). During exercise, HR was monitored every 5 s (Accurex coded; Polar, Kempele, Finland) by a researcher and workload adjusted to reach the desired target HR.
Experimental protocol
Trials were conducted at least 72 h after the last training bout. Subjects were instructed to refrain, during the 24-h prior to the trials, from consumption of any stimulant that could altered their cardiovascular response to exercise (alcohol, tobacco, coffee, tea, or herbal extracts). All trials were conducted between 7:00-9:00 a.m. One hour before arrival to the laboratory, subjects ingested a light breakfast (330-mL fruit milkshake and a pastry for a total of 624 kcal and 68 g of carbohydrate). Upon arrival to the laboratory, nude body weight was collected as a crude index of hydration. A euhydrated state was maintained through ad libitum water consumption during the trials. The three trials were conducted the same day of the week (Monday to Friday) for each subject. During the first trial, subjects filled out an activity diary which was replicated in the other two trials.
Ambulatory blood pressure measurement
An ambulatory blood pressure device (Oscar2, Suntech, Morrisville, NC, USA) based on oscillometry with step deflation was used to measure the diurnal 14-h ambulatory blood pressure and heart rate in all subjects. We only followed diurnal BP, because daytime ABP has been shown to be of higher relevance for the relative risk of suffering a cardiovascular event than nighttime ABP (Clement et al. 2003) . In addition, the effects of exercise may not be measurable at night time due to the already low baseline blood pressure at night (Cornelissen and Fagard 2005) . The ABP device has been validated in accordance with the British hypertension society protocol and categorized as grade A (i.e., equal or less than 5-mmHg difference with gold standard; Goodwin et al. 2007 ). The day-to-day reproducibility of Oscar 2 device in our lab (N = 6) wearing the device from 9:00 a.m. to 15:00 p.m. alternating standing, sitting, and walking activities derived coefficient of variation of 2.0% for systolic, 2.8% for diastolic, and 4.3% for heart rate. The cuff was attached to the non-dominant arm and an adequate size cuff was assigned to each subject depending on their arm circumference. The ABP device was programmed to take a measurement every 20 min from 9:00 a.m. to 23:00 p.m. If the first measurement was unsuccessful, one repeat measurement was taken immediately after. The inflation of the bladder cuff for each measurement was 30 mmHg greater than the previous systolic reading. Subjects were instructed: (a) to relax arm and maintain elbow extension during the blood pressure measurement, (b) to not remove the cuff and the ambulatory blood pressure device until 23:00 p.m., (c) to abstain from vigorous exercise but do not abstain from physical activity of their daily routine.
Posture and motion analysis
After exercise (or rest in the REST trial), subjects were provided with a wrist worn activity monitor that uses a triaxial accelerometry technology (Polar Electro, Kempele, Finland). This device estimated energy expenditure and monitors the time spent in three different body positions: resting (i.e., sitting and lying down), standing, and walking, during the 14 h of ambulatory pressure measurements. Wristbands were placed in the non-dominant arm. The dayto-day reproducibility of the activity monitors wristbands in our lab (N = 6) wearing the device from 9:00 a.m. to 15:00 p.m. alternating standing, sitting, and walking activities on a scheduled derived coefficient of variation of 3.3% for standing, 2.1% for sitting, and 3.3% for walking.
Ambulatory blood pressure data
After each measurement, data were downloaded to the computer using AccuWin Pro v3.4 software. Data was then manually reviewed to detect missing and erroneous measurements. Individual measurements were considered erroneous and removed if: (a) systolic blood pressure was >240 or <80 mmHg or diastolic blood pressure >140 or <40 mmHg; (b) heart rate was >150 or <40 bpm; (c) systolic and diastolic blood pressure deviated ±50 and ±20 mmHg, respectively, in comparison with immediately previous and later value; (d) heart rate deviated ±30 bpm from previous value or later value in accordance with Padilla et al. (2005) .
Statistical analysis
Data in figures are presented as mean ± standard error of the mean (SEM). Descriptive statistics (mean ± standard deviation) were used for subject's characteristics (Table 1) . Independent t test was performed to compare the initial blood pressure, heart rate, and anthropometric data between the groups. Data collected overtime (ABP, HR and motion analysis) in the three trials were analyzed using one-way (treatment) repeated-measures ANOVA. After a significant F test, pairwise differences were identified using post hoc Tukey's HSD. Statistical significance level was set at p ≤ 0.05. Table 1 shows that subjects in each group were similar in age, body composition, and cardiorespiratory fitness level (i.e., VO 2peak ) and only differed in their resting blood pressure. Pre-exercise, nude body weight was similar among trials suggesting similar hydration status before commencing each trial (i.e., 85.7 ± 14.8 vs. 85.8 ± 14.8 vs. 85.6 ± 13.7 kg for HIIT, MICT, and REST, respectively).
Results
Ambulatory blood pressure responses
Collected blood pressure and heart rate readings were averaged hourly. Averaged systolic blood pressure during the 14-h of ABP collection did not differ among trials in the normotensive group (i.e., 123.6 ± 4.4 vs. 127.1 ± 4.9 vs. 122.5 ± 4.4 mmHg, for HIIT, MICT, and REST, respectively). However, in the hypertensive group, systolic ABP was lower after HIIT than MICT and REST (130.8 ± 3.9 vs. 137.4 ± 5.1 and 136.4 ± 3.8 mmHg, respectively; p < 0.05; Fig. 1 ). Diastolic blood pressure was not affected by either exercise type or rest in normotensive subjects (i.e., 70.9 ± 3.0 vs. 72.1 ± 3.1 vs. 69.6 ± 1.9 mmHg, for HIIT, MICT, and REST, respectively). In the hypertensive group, there were no differences either in diastolic blood pressure among trials (i.e., 77.2 ± 2.6 vs. 78.0 ± 2.6 vs. 78.9 ± 2.8 mmHg, for HIIT, MICT, and REST, respectively; Fig. 2 ). When mean arterial pressure was calculated, the results followed the pattern of systolic blood pressure. In the normotensive group, there were no differences among trials (i.e., 88.5 ± 4.4 vs. 90.5 ± 4.9 vs. 87.3 ± 4.4 mmHg, for HIIT, MICT, and REST, respectively), while HIIT resulted in lower mean blood pressure than the in other two trials in the hypertensive group (95.1 ± 3.9 vs. 97.8 ± 5.1 and 98.1 ± 3.8 mmHg, for HIIT, MICT, and REST, respectively; p < 0.05).
Heart rate response
Although during the first hours of data collection, there was a tendency for heart rate to be elevated after HIIT and MICT trials in comparison to REST as average during the 14 h of data collection (Fig. 3) , there was no different among trials in the normotensive group (i.e., 77.1 ± 5.6 vs. 80.1 ± 6.1 vs. 72.8 ± 5.0 beats min −1 , for HIIT, MICT, and REST, respectively) or the hypertensive group (i.e., 80.5 ± 4.5 vs. 76.6 ± 3.9 vs. 76.1 ± 4.0 beats min −1 , for HIIT, MICT, and REST, respectively).
Posture and motion analysis
Physical activity distributed in three body motion modes: resting, standing, and walking is displayed in Fig. 4 for both groups. There were no statistically differences across trials within each group of subjects (p > 0.05).
Discussion
We aimed to measure the long-term (14 h) post-exercise blood pressure lowering effects of a bout of high-intensity interval exercise (HIIT) in hypertense and normotense metabolic syndrome patients (MetS). We used ambulatory blood pressure (ABP) monitoring, while subjects continue with their routine daily activities after the morning bout of exercise. The results were that only in hypertensive subjects and only after the most intense type of exercise (i.e., high-intensity interval training; HIIT), systolic ABP was significantly reduced by 6.1 ± 2.2 mmHg (p < 0.05). This reduction did not take place after the bout of isocaloric moderately intense continuous training (MICT). This suggests that exercise intensity, but not exercise caloric expenditure, determines the magnitude of reduction in ABP after exercise (Fig. 1) . The finding that only hypertensive subjects benefited from exercise is in agreement with that data from other studies (Padilla et al. 2005 ). Pescatello and colleagues (2004a) suggest baseline blood pressure as a predictor of post-exercise hypotension (i.e., the higher the baseline blood pressure, the larger the lowering effect of exercise). This may be due to a floor effect where a physiological variable cannot be reduced below its homeostatic clinical level (i.e., 120/80 mmHg for systolic and diastolic blood pressure in a young person) without inducing responses to prevent hypotension.
It was initially thought that the magnitude of the postexercise hypotension was not related with the intensity, duration, or type of exercise (MacDonald 2002) . Still the general recommendation for the treatment of hypertension with exercise is to perform aerobic, moderate-intensity (40-70% VO 2max ) prolonged exercise (i.e., 20-60 min per session; Pescatello et al. 2004a ). However, this view has recently changed upon the appearance of studies showing that vigorous exercise results in larger post-exercise hypotension than a bout of moderate aerobic exercise (Eicher et al. 2010) . Furthermore, other studies show that the post-exercise hypotension is maintained longer after more intense exercise (Angadi et al. 2015; Keese et al. 2012) . 
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The studies that started to show larger post-exercise hypotension with intense exercise used graded exercise stress test (GXT; Coats et al. 1989; Piepoli et al. 1994) . GXT requires participants exercising to the point of volitional fatigue which results in marked elevations in BP, heart rate, cardiac output, high muscle metabolite, and heat accumulation. Those are responses that we recently reported to be increased during HIIT in comparison to MICT in MetS patients (Morales-Palomo et al. 2016) . Alternatively, Tjønna and associate's (2011) work supports that a bout of HIIT is superior to MICT in lowering blood pressure because of its larger effect on improving endothelial mediated vasodilation. They measured an accompanying increased in nitric oxide availability after HIIT but not after MICT. Thus, probably, some of those factors leading to improved endothelial function were involved in the superior blood pressure response after HIIT, although our study does not allow identification of the mechanisms.
HIIT involves two characteristics that MICT lacks, high exercise intensity (90% of HR PEAK ), and intensity alternation. It is unclear how those factors may have produced larger hypotension. Possible factors behind the larger magnitude of post-exercise hypotension after HIIT include decreased vascular resistance to flow in skeletal muscle, lingering from the previous exercise bout. Recent data suggest that increased temperature and reductions in blood volume are associated with the early reductions in blood pressure but not to the prolonged effects (Lynn et al. 2009; Wilkins et al. 2004 ). Blood concentrations of potential vasodilators (adrenaline, adenosine, potassium, atrial natriuretic peptide, and nitric oxide) and vasoconstriction agents (renin, angiotensin II, and antidiuretic hormone) do not change in agreement with post-exercise hypotension (MacDonald 2002) , although any of these substances may be responsible for alterations in vascular sensitivity and thus post-exercise hypotension. For instance, Halliwill and co-workers (2013) argue that histaminergic receptors are involved in the post-exercise hypotension, but the role of these receptors in the sustained hypotension is unclear. Another possibility for the sustained post-exercise hypotension is a reduced sympathetic efferent activity with decrease in vasoconstriction in comparison to pre-exercise. Our findings of no difference in heart rate between trials (indirect marker of sympathetic nerve activity; Fig. 3 ) suggest that sympathetic Fig. 3 Heart rate response during the 14 h following a bout of exercise (HIIT and MICT) or no-exercise control trial (REST) in normotensive (n = 8) and hypertensive (n = 11) metabolic syndrome subjects. Data are mean ± SEM Fig. 4 Body motion/position analysis during the 14 h following a bout of exercise (HIIT and MICT) or no-exercise control trial (REST) in normotensive (n = 8) and hypertensive (n = 11) metabolic syndrome subjects. Data are mean ± SEM nerve activity was not decreased during the period over which the hypotension occurred.
Blood pressure like many other physiological variables is affected by circadian rhythm (Giles 2006) . For instance, it has been reported that post-exercise hypotension is greater after exercise in the afternoon (16:00 p.m.) compared with exercise in the morning (8:00 a.m.), likely because blood pressure is elevated at this time (Jones et al. 2008) . In contrast, in our subjects, blood pressure tended to be lower at 16 h in comparison to the morning hours. It is important to note that our subjects are from a south Mediterranean country and lunch (which is the highest caloric meal) occurs around 14-15 h. Thus, the decrease in blood pressure at 16 h may correspond to the digestive requirements of that large meal. It is possible that HIIT before the meal could have promoted the effects of digestion on vasodilating the splanchnic or other vascular beds accounting for the reduction in systolic blood pressure. It is unclear if HIIT resulted in lower systolic blood pressure than MICT during those digestion hours. However, HIIT results in higher elevations in blood lactate than MICT (MoralesPalomo et al. 2016) which clearance involves the splanchnic circulation.
One study stands alone on reporting the post-exercise hypotension in MetS patients (Pescatello et al. 2008) . They found that in the MetS group, the post-exercise hypotension response was much attenuated in comparison to overweight, middle-aged, hypertensive counterparts with similarly low cardiovascular fitness level. They reasoned that the impaired insulin actions of MetS may also reflect in a blunted insulin vasodilating effect. It is also possible that the exercise intensities that they used in the study (40-60% VO 2peak ) were not enough stimuli to lower blood pressure. In agreement with their data, we found that 53 min of pedaling at 60% of HR MAX (i.e., MICT trial) did not lower blood pressure in our MetS subjects.
The ABM technique has some limitations important to mention. Physical activity, body position, breathing cycle, and circadian rhythm all influence blood pressure. The influence of breathing cycle and circadian rhythm was normalized by conducting a control trial with identical measurement protocol but lacking exercise (i.e., REST). However, it is plausible that differences in daily physical activity and body position may have occurred among trials. It could be hypothesized that most fatiguing exercise would induce a more sedentary period post-exercise under our free-living conditions, explaining the reductions in blood pressure after HIIT. This seems to be the case in people that are not used to physical activity (Kriemler et al. 1999) . To investigate if we have incurred in that bias, we monitored daily physical activity using activity wristbands and could not find differences among trials (Fig. 4) . We did not measure asleep blood pressure to avoid disrupting the sleep and rest of the subjects. However, this may be view as a limitation of our study, since data in a large sample revealed that sleep systolic blood pressure is the only ABP parameter that predicts cardiovascular morbidity and mortality (Hermida et al. 2011) . In contrast, other authors argue that daytime ABP is of higher relevance for the relative risk of suffering a cardiovascular event than nighttime ABP (Clement et al. 2003) . Finally, the subjects were tested while maintaining their medications to simulate a real-world scenario. However, it is unclear if exercise combined with antihypertensive medication may result in a synergistic effect on blood pressure reduction.
In summary, our study suggests that the long-term (i.e., 14 h) blood pressure reducing effect of a bout of exercise depends on the intensity and type of exercise. Of novelty, we found that a bout of high-intensity interval training (HIIT) is superior to an isocaloric bout of continuous exercise on reducing blood pressure in hypertensive subject during the 14 h that followed exercise. This could importantly reduce cardiovascular risk in hypertensive MetS patients. Thus, our data suggest that a session of morning HIIT exercise may serve as a non-pharmacological aid in the treatment of the hypertension associated with metabolic syndrome.
